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© A liquid crystal display device for personal com- 
puters, word processors, etc., whose electric energy 
consumption is low and whose displayed image 
does not disappear while the display device is being 
operated. In a display device comprising a power 
source (109), a central arithmetic means (101), a 
means (103) for generating an image, a first image 
displaying/storing means (104), a means (106) for 
controlling an image data, a means (108) for chang- 
ing the mode of electric energy consumption, and an 
external inputting means (110), a second image dis- 



playing/storing means (208) is provided in the means 
(106); in the case of the normal electric energy 
consumption mode, the image generated by the 
means (103) are displayed on the liquid crystal dis- 
playing means (107) via the first means (104); when 
the device is changed into the low electric energy 
consumption mode by operating the means (108), 
the image whose data is stored in the second means 
(208) are displayed on the liquid crystal displaying 
means (107). 
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FIELD OF ART 

The present invention relates to a liquid crystal 
display device in personal computers and more 
particularly relates to a liquid crystal display device 
equipped with an electric power consumption-re- 
duction function, and providing stable display. 

BACKGROUND OF THE INVENTION 

Use of lap-top or notebook type personal com- 
puters or word-processors, etc., is being developed 
widely because of their portability. However, there 
is a common problem with compact type personal 
computers, that is, the electric power consumption. 
More specifically, these kinds of personal comput- 
ers or word-processors, etc., use batteries as a 
portable power source, but these batteries allow 
the machine to operate normally for only two to five 
hours. 

To deal with this, there are various measures 
taken for reducing the electric power consumption 
in this kind of personal computer. 

One example for this measure is that if data is 
not input from the keyboard for a predetermined 
time, the operation of the CPU is stopped automati- 
cally and the display is turned off so as to reduce 
the electric power consumption. Fig. 1 shows a 
block diagram of a display device equipped with 
this kind of automatic display stop system together 
with a central processing unit (to be referred to as 
CPU hereinafter). Here, a display portion comprises 
a display controller or display image generating 
means 103 connected to a CPU 101 through a bus 
line 102, a first image display memory means 104 
including a video memory (to be called a VRAM) 
and a liquid crystal display device (LCD) 107. A T1 
measurement circuit 111 starts to measure a con- 
stant period of time T1 by means of a counter at 
the time an interrupt signal INTR 121 input into the 
CPU 101 changes from high level to low level. If 
the measurement circuit has finished counting the 
predetermined time from the count start without 
receiving a next interrupt signal, the circuit gen- 
erates a count-up signal 113. With this, a display 
cut-off circuit 122, in accordance with the count-up 
signal 113 sent from the T1 measurement circuit 
111, sets a signal 114 to high level to cut off the 
display. In other words, the measurement circuit 
111 and the display cut-off circuit 122 constitute an 
electric power consumption mode switching means 
108. Accordingly, the transmission of LCD data 115 
and LCD drive signals 116 to a LCD is stopped. A 
display drive circuit 123, synchronized with the 
INTR 121 set to a high level after the display cut- 
off or in the course of counting, sets a signal 112 to 
high level, resets the counting and causes a signal 
114 to be set to low level to operate the display. In 



Fig. 1, reference numerals 109 and 110 denote a 
power source and an external input means such as 
a keyboard, etc., respectively. 

The conventional automatic display cut-off sys- 
5 tern, however, has a problem that if input has not 
been made for a predetermined period of time, the 
display is turned off, even when a user is looking at 
the display. 

The present invention is to solve the problem 
70 and provide a personal computer or word-proces- 
sor with which a user can take time to think, and 
which still prevents battery consumption. 

DISCLOSURE OF THE INVENTION 

75 

In order to achieve the above object of the 
present invention, the present invention provides a 
liquid crystal display device having a technical 
structure as follows. That is, a display device is 

20 composed of a power source, a central processing 
means, a liquid crystal display means, a display 
image generating means, a first image display stor- 
age means, a display image data controlling 
means, an electric power consumption mode 

25 switching means, external input means and the like. 
In this arrangement the liquid crystal display device 
comprises the display image data controlling 
means which is equipped with a second image 
display storage means and which, in the normal 

30 electric power consumption mode, displays on the 
liquid crystal display means the display image data 
generated by the display image generating means 
via the first image display storage means and in 
the low electric power consumption mode, stores 

35 once the display image data generated by the 
display image generating means in the second 
display storage means, thereafter stops driving of 
the display image generating means, and displays 
on the liquid crystal display means the display 

40 image data stored in the second image display 
storage means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 Fig. 1 is a block diagram showing a configura- 

tion example of a conventional liquid crystal display 
device. 

Fig. 2 is a block diagram for illustrating the 
principle of a liquid crystal display device accord- 
50 ing to the present invention, and showing the struc- 
ture of an embodiment of the liquid crystal display 
device of the present invention. 

Fig. 3 is a block diagram showing the structure 
of a second embodiment of a liquid crystal display 
55 device according to the present invention. 

Fig. 4 is a block diagram showing the structure 
of a third embodiment of a liquid crystal display 
device according to the present invention. 
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Fig. 5(A) shows an address bus decoder circuit 
used in a liquid crystal display device of the 
present invention, and Fig. 5(B) is a block diagram 
showing an embodiment of a display image gen- 
erating means standby/activation switching circuit. 

Fig. 6(A) shows a divider circuit used in a liquid 
crystal display device of the present invention, and 
Fig. 6(B) is a block diagram showing an embodi- 
ment of a counter circuit. 

Fig. 7(A) is a block diagram showing an em- 
bodiment of a signal generating circuit for holding 
memory, that is, a signal generating circuit for 
second image display storage means used in a 
liquid crystal display device of the present inven- 
tion, and Fig. 7(B) is a block diagram showing an 
embodiment of a synchronizing signal switching 
circuit of the same device. 

Fig. 8(A) is a block diagram showing an em- 
bodiment of a data accessing circuit used in a 
liquid crystal display device of the present inven- 
tion, and Fig. 8(B) is a view showing waveforms 
relating to the data accessing circuit. 

Figs. 9 through 15 are respective illustrations 
for various operations in accordance with practical 
aspects of a liquid crystal display device of the 
present invention. 

Fig. 16 is an illustration for explaining the effect 
of a liquid crystal display device of the present 
invention. 

Fig. 17 is a block diagram showing a structure 
of a fourth embodiment of a liquid crystal display 
device of the present invention. 

Figs. 18 and 19 are timing charts showing 
operations in a liquid crystal display device of the 
present invention. 

MOST PREFERABLE EMBODIMENTS OF THE IN- 
VENTION 

Embodiments of liquid crystal display devices 
of the present invention will be hereinafter de- 
scribed in detail with reference to the drawings. 

Fig. 2 is a block diagram for explaining an 
essential configuration example of a liquid crystal 
display device of the present invention. In Fig. 2, a 
display device is composed of a power source 109, 
a central processing means 101, a liquid crystal 
display means 107, a display image generating 
means 103, a first image display storage means 
104, a display image data controlling means 106, 
an electric power consumption mode switching 
means 108, external input means 110 and the like. 
In this arrangement the liquid crystal display device 
comprises the display image data controlling 
means 106 equipped with a second image display 
storage means 208 and control means 215 which, 
in the normal electric power consumption mode, 
displays on the liquid crystal display means 107 



the display image data generated by the display 
image generating means 103 via the first image 
display storage means 104 and which, when the 
mode is replaced with the low electric power con- 

5 sumption mode by operating the electric power 
consumption mode switching means, displays on 
the liquid crystal display means 107 the display 
image data stored in the second image display 
storage means 208, and which, in the low electric 

w power consumption mode, once stores the display 
image data generated by the display image gen- 
erating means 110 in the second display storage 
means 208, thereafter stops the function for dis- 
playing image of the display image generating 

w means 103 from driving, and displays on the liquid 
crystal display means 107 the display image data 
stored in the second image display storage means 
208. 

That is, according to the prior art device, when 

20 executing software like word-processing software 
waits for a keyboard input, if no input is made for a 
predetermined period of time, the device stops 
displaying until an INTR 121 in Fig. 1 becomes 
high level. Therefore, this stop disturbs a user 

25 taking time to consider the phrases. To deal with 
this, in the present invention, when the device is in 
the low power consumption mode, the display data 
holding memory 208 which requires little power is 
employed to store LCD data 216 and the display 

30 image generating circuit 103 which functions as a 
display controller and requires much power is stop- 
ped its function as shown in Fig. 2. And LCD data 
219 in the second image display storage means 
208 is repeatedly displayed. Accordingly, in a case 

35 where a word processor or other means waits a 
keyboard input, a user can get a view of the 
display in spite of the device being in the low 
power consumption mode. 

The liquid crystal display device according to 

40 the invention will be detailed with respect to the 
configuration and operations. 

At first, a power source 201 for use in the 
present invention is not specified, it is preferable to 
employ a d.c. power source such as cells or bat- 

45 teries etc. when the present invention is applied to 
compact portable type personal computers or word 
processors. 

Also, the structure of the switch for changing 
over power consumption modes used in the 

so present invention is not specified particularly, as 
long as the switch is constructed such that the 
normal power consumption mode and the low pow- 
er consumption mode can be arbitrarily selected 
manually or by means of an automatic control. The 

55 above mode selection may be effected such that, 
for example, by detecting an access to the first 
image display storage means by an external key- 
board input via CPU or an access to the first image 
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display storage means during execution of a pro- 
gram such as a table calculation and based upon 
the frequency of the accesses, it is determined 
whether the device is to be set to the low power 
consumption mode or the normal power consump- 
tion mode. It is also possible as stated heretofore, 
that occurrence of an interrupt signal into the CPU 
is detected and, the mode may be determined 
based on the frequency of the interrupt. 

The switching between the normal power con- 
sumption mode and the low power consumption 
mode may be made by changing the voltage or 
frequency used. 

In the present invention, the power consump- 
tion mode switching means 108 installed in the 
display image data controlling means 106 may 
comprise, at least, an access detecting means 205 
for detecting a state in which a predetermined 
signal due to an external input means or based on 
a particular program process, accesses the first 
image display storage means 104 or the display 
image generating means 103, a means for calculat- 
ing the frequency of the accesses per unit time 
(not shown), a means for comparing the access 
frequency with a reference value (not shown), such 
that in a case where the access frequency is less 
than the reference value, the operation mode is 
switched from the normal power consumption 
mode to the low power consumption mode. 

It may be also possible to provide a structure 
which comprises, at least, an interrupt signal de- 
tecting means (not shown) for detecting a state in 
which a predetermined signal due to an external 
input means or based on a particular program 
process, interrupts the first image display storage 
means 104 or the display image generating means 
103, a means for calculating the frequency of the 
interrupt per unit time (not shown), a means for 
comparing the interrupt frequency with a reference 
value (not shown), such that in a case where the 
interrupt frequency is less than the reference value, 
the operation mode is switched from the normal 
power consumption mode to the low power con- 
sumption mode. 

Still, according to one aspect of the present 
invention, the display image data controlling means 
106 further comprises a controlling means 215 
composed of a dummy drive signal generating 
means 206 which generates, in the low electric 
power consumption mode, a dummy drive signal 
218 to the liquid crystal display means 107 in place 
of the liquid crystal display means drive signal 217 
generated by the display image generating means 
103 for driving the liquid crystal display means 
107; and a memory controlling circuit 207 for con- 
trolling the means 206. 

The display image data stored in the second 
image display storage means 208 are displayed on 



the liquid crystal display means 107 in synchro- 
nization with the dummy drive signal 218. 

Now, there will be given a description on the 
operation of the system of an embodiment of the 

5 present invention shown in Fig. 2. 

According to the present invention, a VRAM 
access detection circuit 205 constituting a power 
consumption mode switching means 108 sets a 
signal 211 toward the memory controlling circuit 

70 207 to high level, or transmits a signal to set up the 
low power consumption mode, while a CPU 101 
does not access a first image display storage 
means 104. A memory controlling circuit 207, re- 
ceiving a high level signal from the VRAM access 

75 detection circuit 205, makes a display data holding 
memory 208 store LCD data 216 from the first 
image display storage means 104 through a dis- 
play image generating means 103. The memory 
controlling circuit 207 sends out a high level power 

20 consumption mode switching signal 212 to a dum- 
my signal control generating circuit 206 and to the 
display image generating means 103, in order to 
stop the function for displaying image of the dis- 
play image generating means 103 or display con- 

25 troller. 

The dummy signal control generating circuit 
206, generates a LCD dummy driving signal 218 in 
place of the stopped display image generating 
means 103, and reads display data 220 constituting 

30 a still image out of the display data holding mem- 
ory 208 to send it to the liquid crystal display 
device 107 as readout dummy LCD data 219. Here, 
the write-in and readout processes for the display 
data holding memory 208 are carried out by a 

35 memory signal 214 which is generated by the 
memory controlling circuit 207 in accordance with 
the signal 218. 

On the other hand, when the CPU 101 ac- 
cesses the first image display storage means 104, 

40 the VRAM access detection circuit 205 sets to low 
level a signal 211 toward the memory controlling 
circuit 207, or generates a signal for setting up the 
normal power consumption mode. 

The memory controlling circuit 207, receiving 

45 the low leveled signal 211 from the VRAM access 
detection circuit 205, transmits a low leveled low 
power consumption switching signal 212 to the 
dummy-signal control generating circuit 206 and 
the display image generating means 103 and 

50 drives the display image generating means 103 
with, for example, a low frequency. At the same 
time, the dummy signal control signal generating 
circuit 206 stops the dummy synchronizing signal 
218 for the LCD to change it into the LCD data 

55 signal 219 from the display image generating 
means 103. In this way, the display data from the 
display image generating means 103 are output as 
the display data for LCD. 
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The display device for personal computers ac- 
cording to the above embodiment, does not cut off 
the display in the display portion even in the low 
power consumption mode, so that the user can 
operate without his consideration disturbed. 

Another embodiment of the liquid crystal de- 
vice according to the present invention will be 
detailed referring to Figs. 3 and 4. 

Both of the embodiments shown in Fig. 3 and 
Fig. 4 are improvements in terms of functions on 
the basis of the first embodiment shown in Fig. 2, 
and therefore the basic circuit structure is the same 
as shown in Fig. 2. 

Accordingly, the same constituents as those in 
Fig. 2 are identified by the same reference nu- 
merals. 

That is, the power consumption mode switch- 
ing means 108 in Fig. 3 comprises an access or 
interruption detecting circuit 205 and a stan- 
dby/activation switching circuit 222 for the display 
image generating means 103. Here, the access or 
interruption detecting circuit 205 includes, for ex- 
ample, an address bus decoder circuit, and detects 
whether the central processing unit (CPU) 101 ac- 
cesses the first image display storage means 104, 
or whether the central processing unit (CPU) 101 
interrupts the display image generating means 103. 
The standby/activation switching circuit 222 varies 
its output signal 239 according to the change be- 
tween H-level and L-level of a signal 235 from the 
detecting circuit 205. 

Here, the switching operation is carried out 
such that, if the output 239 from the stan- 
dby/activation switching circuit 222 is for example 
set at H-level, a controlling circuit 215 is actuated 
to set up the low power consumption mode, where- 
as if the output 239 is set at L-level, the display 
image generating means 103 is actuated to set up 
the normal power consumption mode. 

Examples of the address bus decoder 205 and 
the display controller standby/activation switching 
circuit 222 used in the present invention are re- 
spectively shown in Figs. 5(A) and (B). 

The address bus decoder circuit 205 used in 
the present invention comprises as shown in Fig. 5- 
(A), address buses A16 to A19, multiplexers MP1 
to MP4 and decoding circuit D1, and inputs ad- 
dress buses A16 to A19, and transmits the data to 
the decoding circuit D1 in time with a timing signal 
237 for writing in the memory. 

The decoding circuit D1 decodes output sig- 
nals AM16 to AM19 from the multiplexers MP1 to 
MP4. If the result belongs to the area of the VRAM 
104 of the first image display storage means, the 
output 235 from the decoding circuit D1 is changed 
from L-level to H-level. 

For example, with respect to MA16 to MA19, in 
a case where AM16 is H-level, AM17 is at H-level, 



AM18 is at L-level and AM19 is at H-level, this 
state is expressed by B in the hexadecimal number 
system, if the area of this state is determined to 
belong to the VRAM area previously, in this state 

5 the decoding circuit D1 sends out an output 235 at 
H-level only while the signal 237 from the CPU 101 
stays at L-level. 

On the other hand, the display controller stan- 
dby/activation switching circuit 222 comprises as 

w shown in Fig. 5(B), an AND gate circuit, a binary 
counter BC1, a NAND gate circuit and inverters. If 
the output signal 235 from the address bus decod- 
ing circuit 205 is input to the binary counter BC1 at 
H-level as a reset signal, a feed-back signal FB is 

15 set to H-level. 

When the reset signal 235 returns to L-level, 
the binary counter BC1 starts to count the number 
of FLM1 signals as a clock, i.e., the output 231 
from a counter circuit 224. When it reaches a 

20 predetermined count number, the output signals 
OUT1 and OUT2 are simultaneously set to H-level. 
Accordingly, the feedback signal FB becomes L- 
level, thus the signal FLM1 is not accepted. 

This state will continue until the reset signal 

25 235 next becomes H-level. 

It should be noted that an output signal 239 
from the display controller standby/activation 
switching circuit 222 is the inverse of the feedback 
signal FB. 

30 Meanwhile, in Fig. 3, a dummy signal control 

generating circuit 206 in the controlling circuit 215 
comprises a divider circuit 223, a counter circuit 
224, synchronizing signal switching circuit 225 and 
data switching circuit 226. The divider circuit 223 

35 divides, for example, an oscillating clock input from 
a proper oscillator OSC into an internal clock 234 
having a convenient frequency for the internal cir- 
cuit. 

As the structure of the divider circuit 223 is not 
40 limited particularly, a proper flip-flop circuit in com- 
bination with an inverter as shown in Fig. 6(A), for 
example, can be employed. 

The counter circuit 224 periodically generates 
a dummy synchronizing signal 231 by counting the 
45 internal clock 234 to a predetermined number. 

In accordance with the internal clock, for exam- 
ple, data may be transmitted with one internal 
clockcycle, a horizontal synchronizing signal (latch 
pulse) may be generated having 160 internal clock- 
so cycle, and a vertical synchronizing signal may be 
generated having 240 internal clockcycles. 

Fig. 6(A) is a block diagram showing an em- 
bodiment of the diving circuit 223 used in the 
present invention, and Fig. 6(B) is a block diagram 
55 showing an embodiment of the counter circuit 224 
used in the present invention. 

The counter circuit 224 in Fig. 6(B) comprises 
presettable counters PSC1 and PSC2, and timing 
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circuits T1 and T2. The presettable counter PSC1 
inputs the internal clock 234 (usually having a 
frequency of about 2.5 MHz) and counts it by the 
number setup by a preset terminal 1, to output an 
LP1 signal. 

The digits of the preset terminal 1 are set to H- 
level or L-level in accordance with the number to 
be counted. 

For example, if digits 1, 2, 4, 8, 16, 32, and 64 
are set to H-level and digit 128 is set to L-level, an 
LP signal having the same number as input clock- 
cycles is output after 127 counts. 

Each of the timing circuits T1 and T2 of Fig. 6- 
(B) generates an H-level output at a rise of an A 
input signal and an L-level output at a rise of a B 
input signal. 

In a word, the reset signal of the presettable 
counter PSC1 is synchronization type, so that the 
timing circuit is required. 

That is, the presettable counter PSC1 is reset 
at the timing the clock CK rises with the reset 
signal staying at H-level. 

In the same manner, the presettable counter 
PSC2 generates a signal FLM1 using LP1 as a 
clock. 

It should be noted that the CP1 is a dummy 
signal for data transmission and the LP1 is a dum- 
my signal for main scanning and corresponds to 
the horizontal synchronizing signal. 

The FLM1 signal is a dummy signal for image 
flipping and corresponds to the vertical synchroniz- 
ing signal. 

The synchronizing signal switching circuit 225, 
according to the output 236 from the stan- 
dby/activation switching circuit 222, changes over 
the mode between the normal drive signal 217 
generated from the display image generating 
means 103 for the liquid crystal display means 107 
and the dummy drive signal 231 generated from 
the counter circuit 224 for the liquid crystal display 
means. Thus switched signal is provided as the 
drive signal 218 for the liquid crystal display means 
107. 

In short, in the normal power consumption 
mode, the normal drive signal 217 generated by 
the display image generating means 103 is pro- 
vided for the liquid crystal display means 107, 
whereas in the low power consumption mode, the 
dummy drive signal 231 output from the counter 
circuit 224 is provided for the liquid crystal display 
means 107. 

In another embodiment of the liquid crystal 
display device of the present invention, it is possi- 
ble to always display on the liquid crystal display 
means 107 a still image data stored in the display 
data holding memory 208 as the second image 
display storage means, in place of displaying the 
code data stored in the first image display storage 



means even in the normal power consumption 
mode. In this case, the synchronizing signal switch- 
ing circuit 225 becomes unnecessary. 

On the other hand, the data switching circuit 

5 226, in accordance with the output 236 from the 
standby/activation circuit 222, changes over the 
mode between the signal 216 representing the 
display image data stored in the first image display 
storage means 104 output from the display image 

70 generating means 103 and the signal 220 repre- 
senting a still display image data stored in the 
second image display storage means 208. In other 
words, in the normal power consumption mode, the 
data stored in the first image display storage 

75 means 104 are provided as display image data 219 
for the liquid crystal display means 107. Mean- 
while, in the low power consumption mode, the still 
display image data stored in the second image 
display storage means 208 are provided as the 

20 display image data 219 for the liquid crystal dis- 
play means 107. 

In the same manner as above, in another em- 
bodiment, it is possible to always display on the 
liquid crystal display means 107 a still image data 

25 stored in the display data storage memory 208 as 
the second image display storage means, in place 
of displaying the code data stored in the first image 
display storage means even in the normal power 
consumption mode. In this case, the data switching 

30 circuit 226 becomes unnecessary. 

Further, this embodiment includes a signal 
generating circuit for holding memory 207, which 
corresponds to the memory controlling circuit 207 
of the embodiment shown in Fig. 2. This circuit 

35 207, in response to a signal 217 sent out from the 
display image generating means 103, sends out for 
the second image display storage means 208 a 
synthesizing signal 232 for writing the display im- 
age data stored in the first image display storage 

40 means 104 into the second image display storage 
means or display data holding memory 208, using 
the image data signal 216 sent out from the display 
image generating means 133. Moreover, the circuit 

207, in response to a controlling signal 231 output 
45 from the counter circuit 224, sends out for the 

second image display storage means 208 a syn- 
chronizing signal 233 for reading the image data 
out of the second image display storage means 

208. . 

50 With these processes, the display image data 

stored in the second image display storage means 
208 are provided for the liquid crystal display 
means 107 via the data switching circuit 226. 

In this embodiment, there exists a duration in 

55 which the reading signal and the writing signal are 
generated simultaneously in the embodiment in 
which the data stored in the second image display 
storage means 208 are always used for display. 
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Fig. 7(A) shows a block diagram of an embodi- 
ment of the signal generating circuit for holding 
memory 207 as the second image display storage 
means used for the liquid crystal display device of 
the present invention, and Fig. 7(B) shows a block 
diagram of an embodiment of a synchronizing sig- 
nal switching circuit 225 used for the liquid crystal 
display device of the present invention. 

The signal generating circuit for holding mem- 
ory 207 applicable to the present invention, com- 
prises as shown in Fig. 7(A), a flip-flop, AND gate 
circuits, inverter circuits. This circuit 207 generates 
a write-enable signal WE at H-level at the time the 
signal FLM rises under the condition of the output 
signal 239 from the display controller stan- 
dby/activation switching circuit 222 being at L-level, 
and generates a write-enable signal WE at L-level 
at the time the signal FLM rises under the con- 
dition of the output signal 239 being at H-level. 

In addition, the reversed signal is defined to be 
a read-enable signal RE. 

When the content of the holding memory is 
displayed, the read-enable signal RE is fixed at H- 
level. 

Under the condition that the write-enable signal 
WE is at H-level, a signal RSTW based on the 
signal FLM and a signal SWCK based on the signal 
CP are sent out. 

On the other hand, under the condition that the 
read-enable signal RE is at H-level, a signal RSTW 
based on the signal FLM1 and a signal SRCK 
based on the signal CP1 are generated. 

Here, the signal RSTW is a memory address 
resetting signal for write-data, whereas the SWCK 
signal is a data transmission signal for write-data. 

The signal RSTR is a memory address reset- 
ting signal for read-data, whereas the signal SRCK 
is a data transmission signal for read-data. 

A periodic signal switching circuit 225 applica- 
ble to the present invention comprises, as shown in 
Fig. 7(B), multiplexers MP1 to MP3, and changes 
over via the multiplexers MP1 to MP3 between the 
synchronizing signal 217 from the display controller 
103 and the dummy synchronizing signal 231 gen- 
erated from the counter circuit 224, according to 
the control signal 236 sent out from the signal 
generating circuit for holding memory 207. 

When the controlling signal 236 is at H-level, 
the multiplexer MP1 sends out the signal FLM1 as 
the signal FLMM and when the controlling signal 
236 is at L-level, the multiplexer MP1 sends out the 
signal FLM as the FLMM signal. 

The other multiplexers MP2 and MP3 operate 
in the same manner. 

In a case where the data in the display data 
holding memory are displayed at all times, the 
controlling signal 236 is always fixed at H-level. 



Here, the signal FLM is a signal for changing 
an image (corresponding to the vertical synchroniz- 
ing signal), the signal LP is a line scanning signal 
(corresponding to the horizontal synchronizing sig- 
5 nal), and the signal CP is a signal for data trans- 
mission. 

As the liquid crystal display means 107 ap- 
plicable to this embodiment is not specified par- 
ticularly, commercially sold liquid crystal display 

w devices may be used, for example, a VGA display 
specified by IBM (640 x 480 pixels 320 Kbits), a 
CGA display specified by IBM Co. (640 x 200 
pixels 130 Kbits) etc. can be used as the liquid 
crystal display means. 

15 As for the display image generating means 103 

applicable to the present invention, CL-CD61 0/620 
(standby mode) made by Cirrus Logic Inc. and 
82C455 made by CHIPS and Technologies Inc. 
(relax mode), for example, can be used. 

20 Further, with respect to the central processing 

unit (CPU) for use in the present invention, the 
configuration thereof is not limited specifically, and 
any currently available CPU is applicable, for ex- 
ample, the 80386 made by Intel. 

25 With respect to the second image display stor- 

age means 208 used in the present invention, the 
configuration thereof is not specified particularly, so 
that well known currently sold memories may be 
used. Examples include FIFO 

30 memory • MSM51 4221 A (1 Mbits, 1000 Kbits) made 
by Oki Electric Industry Co., Ltd., and FIFO mem- 
ory TMS4C1050 (1 Mbits, 100 Kbits) made by 
Texas Instruments Inc. 

The first image display storage means 104 

35 used in the present invention is not limited specifi- 
cally either, and current commercially available 
memory may be used such as, for example, a 
normal dynamic RAM. 

Fig. 4 shows a third embodiment of the liquid 

40 crystal display device of the present invention. The 
configurations are basically the same with those of 
the liquid crystal display device shown in Fig. 3, 
but this embodiment exemplifies that the display 
image generating 103 is controlled by software to 

45 switch the power consumption modes. 

That is, in Fig. 4, a data access circuit 244 is 
further provided, which is disposed between the 
address bus 202 and a newly provided data bus 
246 between the central processing means 101 

50 and the display image generating means 103. 
When the CPU designates an arbitrary address, the 
data access circuit 244 detects the designated 
address periodically based upon the software, and 
if, for example, an indication of a predetermined 

55 address does not reach a predetermined number of 
times within a unit time, a predetermined output is 
made to the data bus 246 in accordance with the 
result, so that the power consumption mode of the 
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display image generating means 103 is changed 
over. 

Fig. 8(A) shows a block diagram of a practical 
configuration of the data access circuit 244 used 
for the above embodiment of the liquid crystal 
display device according to the present invention. 

The data access circuit 244 comprises, as 
shown in Fig. 8(A), a decoding circuit D2 and a tri- 
state buffer circuit TSB, and decodes the address 
bus 102 by means of the decoding circuit D2. 
When the decoded address is an arbitrary one, a 
gate signal, i.e. the output of the decode circuit D2 
is set to H-level, and the signal is accepted by the 
tri-state buffer circuit TSB, which in turn opens the 
gate to short the control signal 236 with arbitrary 
bits of the data bus. 

On the contrary, if the address is a predeter- 
mined one, the aforementioned switching of the 
power consumption mode is executed by means of 
the newly provided data bus 246. 

The decoding timing is in accordance with a 
signal 238 generated at a time when IO memory 
space is read out. 

Fig. 8(B) shows waveforms of an output 235 of 
the address bus decoding circuit 205, the output 
signal 239 from the display controller stan- 
dby/activation switching circuit 222, the output sig- 
nal 236 from the signal generating circuit for hold- 
ing memory 207, the image changing signals FLM 
and FLM1 , the write-enable signal WE, and the 
read-enable signal RE in the liquid crystal display 
device according to the present invention. 

That is, according to the present invention, if 
the CPU, etc., accesses the VRAM area 104, the 
output signal 235 from the address bus decoding 
circuit 205 is set to H-level. 

The output signal 239 from the display control- 
ler standby/activation switching circuit 222 be- 
comes L-level simultaneously with the output 235 
from the address bus decoding circuit 205 transfer- 
ring to H-level, and will return to H-level after a 
predetermined number of the dummy signals FLM1 
are counted. 

The write-enable signal WE is set to H-level at 
a time when the image changing signal FLM rises 
under the condition that the output signal 239 from 
the display controller standby/activation switching 
circuit 222 remains at L-level, and the write-enable 
signal WE is set to L-level at time when the signal 
FLM rises under the condition that the signal 239 
remains at H-level. 

On the other hand, the read-enable signal RE 
takes a state opposite to that of the write-enable 
signal WE or, remains at H-level. 

The output signal 236 from the signal generat- 
ing circuit for holding memory 207 is made by an 
AND operation of the signal 239 and the revered 
signal of the write-enable signal WE. 



While the signal 236 stays at L-level, the gen- 
eration of the signal FLM is assured, which in- 
dicates that the display controller stand by /activation 
switching circuit 222 is actuated. 

5 Practical use of the liquid crystal display de- 

vice according to the present invention will be 
described next. The present invention may be ap- 
plied as follows by using combinations of various 
functions of the present invention. 

ro (1) A method in which image data based on the 
data generated from the display image generat- 
ing circuit 103 and stored in the first image 
display storage circuit 104 in the normal power 
consumption mode are displayed on the display 

75 device in accordance with the synchronizing sig- 
nal generated from the display image generating 
circuit 103, and the image data is stored in the 
second image display storage circuit 208 as the 
still image data, may be realized. 

20 (2) A method in which, in the low power con- 
sumption display mode, the still data stored in 
the second image display storage circuit 208 
are displayed continuously on the display device 
107 in accordance with the newly generated 

25 dummy synchronizing signal from the dummy 
signal control generating circuit 206, and the 
operation of the display image generating circuit 
103 is stopped, may be realized. 
(3) A method in which, upon the changeover 

30 from the low power consumption display mode 
to the normal power consumption display mode, 
the still image data stored in the second image 
display storage circuit 208 are continuously dis- 
played on the display device 107 in accordance 

35 with the newly generated dummy synchronizing 
signal or the synchronizing signal generated 
from the display image generating circuit 103, 
and an image data based on the data generated 
from the display image generating circuit 103 

40 and stored in the first image display storing 
circuit 104 are generated from the display image 
generating circuit 103 to be stored in the second 
image display storing circuit 208, may be re- 
alized. 

45 (4) A method in which, upon the changeover 
from the normal power consumption display 
mode to the low power consumption display 
mode, image data based on the data generated 
from the display image generating circuit 103 

50 and stored in the first image display storage 
circuit 104 is displayed on the display device 
107 in accordance with the synchronizing signal 
generated from the display image generating 
circuit 103, and the still image data stored in the 

55 second image display storage circuit 208 are 
output in accordance with the newly generated 
dummy synchronizing signal or the synchroniz- 
ing signal generated from the display controlling 
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circuit, may be realized. 

(5) A method in which a detecting means 108 
for detecting whether the central processing unit 
(CPU) 101 accesses the first image display stor- 
age circuit 104 or the display image generating 
circuit 103 is provided and based on the detec- 
tion frequency by the detecting means 108, the 
operation is changed over between the normal 
power consumption display mode and the low 
power consumption display mode, may be re- 
alized. 

(6) A method in which a detecting means 108 
for detecting an interrupt signal to the central 
processing unit (CPU) 101 is provided, and 
based on the detection frequency by the detect- 
ing means 108, the operation is changed over 
between the normal power consumption display 
mode and the low power consumption display 
mode, may be realized. 

(7) A method in which a detecting means 108 
for detecting whether the central processing unit 
(CPU) 101 accesses the first image display stor- 
age circuit 104 or the display image generating 
circuit 103 is provided and based on the detec- 
tion frequency by the detecting means 108, the 
stop and drive of the CPU 101 is switched or 
the drive frequency of the CPU 101 is changed 
in addition to the low power consumption dis- 
play mode, may be realized. 

(8) A detecting means 108 for detecting an 
interrupt signal to the central processing unit 
(CPU) 101 is provided, and based on the detec- 
tion frequency by the detecting means 108, the 
stop and drive of the CPU 101 is switched or 
the drive frequency of the CPU 101 is changed 
in addition to the low power consumption dis- 
play mode. 

(9) In the normal power consumption display 
mode, the still image data stored in the second 
image display storage circuit 208 are displayed 
continuously on the display device 107 in accor- 
dance with the dummy synchronizing signal 
generated in the dummy signal generating cir- 
cuit 206, and the image data generated from the 
display image generating circuit 103 are stored 
in the second image display storing circuit 208 
in accordance with the synchronizing signal. 

In the above operations of the present inven- 
tion, the electric current in the entire liquid crystal 
display device may be divided into three kinds, 
namely current for system portion A, current for 
display B, current for holding C. From this view 
point, these three kinds of current relative to time t 
can be represented as schematically shown in Fig. 
16a. If no measure for saving power is taken, the 
current A + B + C flows at all times. Here the most 
dominant current is the current for system operat- 
ing (about four times that for display operation), 



which can be saved by halting and resuming the 
operation in accordance with the demands of the 
software and user. In practice, there are some 
products using detection by OS, bus detection and 

5 the like. Fig. 16B is a schematic diagram showing 
an ideal case for saving energy in which the sys- 
tem is halted strictly according to the demands of 
the software and user. Here, if, after the completion 
of saving the energy of the system portion, further 

w energy saving is to be considered, saving the en- 
ergy in the display portion has a large influence on 
the energy saving of the entire system. That is, 
although only the saving in the system portion may 
make the operation time of the entire system at 

w most several times longer, the additional saving in 
the display portion can make the time longer by 
two orders of magnitude. 

In view of the effects discussed above, the 
present system is directed to provide a method for 

20 reducing the power without eliminating the display 
on the display portion. In the normal mode in the 
system, while the LCD data 219 sent out from the 
display image generating circuit 103 in Fig. 2 are 
being displayed in accordance with the LCD syn- 

25 chronizing signal 218, the LCD data 219 are stored 
by the holding memory circuit 208. When it comes 
to the saving mode, the display image generating 
circuit 103 which wastes much energy for execut- 
ing operations based upon the data of VRAM 104, 

30 is, as shown in Fig. 2, halted, and in its place, the 
LCD support data 220 in the support memory 208, 
which needs little energy, will be repeatedly dis- 
played. These two modes are changed over by, for 
example, employing the normal mode when the 

35 VRAM 104 is rewritten and using the saving mode 
for the other cases. In relation to the word-process- 
ing software, little time is needed to access the 
VRAM 1 04, so that the system can be used in the 
saving mode for almost all time, resulting in high 

40 efficiency. 

Fig. 9 shows a block diagram of an operational 
example of the normal mode based on the method 
(1) described above. Here, the CPU 101 corre- 
sponds to a central processing unit such as, for 

45 example, 80C88 made by Intel. The VRAM 104 is, 
as is well know, a video memory in which dynamic 
RAMs, etc., used for microcomputers are applied, 
and corresponds to the first image display storage 
circuit. The holding memory circuit 208 includes 

so storage circuit elements such as dynamic RAMs, 
etc., for storing the LCD data 219, and corresponds 
to the second image display storage circuit 208 for 
displaying a still image. As the display controller 
103, a circuit for microcomputers normally called a 

55 VGA controller is used and this corresponds to the 
display image generating circuit 103. The image 
circuit 106 plays a central role for controlling the 
system, and corresponds to the display image data 
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controlling circuit. The LCD circuit 107 includes a 
display element and corresponds to the display 
device. The operation of the system according to 
this embodiment will be hereinafter described. Note 
that the CPU 101, display controller 103, VRAM 
104 are connected by an address bus 102. 

The display controller 103 scans the content of 
the VRAM 104 to execute operations to form image 
data, and converts thus obtained image data into 
LCD data 216 for the LCD. At the same time, the 
controller 103 sends out an LCD synchronizing 
signal 217 for driving the LCD. The display image 
data controlling circuit 106 transmits the LCD data 
219 and the LCD synchronizing signal 218 to the 
LCD circuit 107, while sending the LCD data 219 
and the LCD synchronizing signal 218 to the hold- 
ing memory circuit 208. The holding memory cir- 
cuit 208 stores the LCD data 219 from the display 
image data controlling circuit 106 in the memory in 
accordance with the LCD synchronizing signal 218. 
The LCD circuit 107 displays on the LCD 107 the 
LCD data 219 from the display image data control- 
ling circuit 106 in accordance with the LCD syn- 
chronizing signal 218. It should be noted that the 
transmission of the LCD data 219 and the LCD 
synchronizing signal 218 from the display image 
data controlling circuit 106 to the holding memory 
circuit 208 may be executed continuously or the 
content may be transmitted immediately before 
entering the saving mode. 

Fig. 10 is a block diagram showing an opera- 
tion example in the saving mode based on the 
method (2) of the present invention. In this exam- 
ple, the display controller 103 is made to stop. 

At that time, the content in the control register 
in the display controller 103 and the VRAM 104 are 
being held. The display imaged data controlling 
circuit 106 generates a dummy synchronization 
signal 218 and transmits it to the LCD circuit 107. 
At the same time, in synchronization with the dum- 
my synchronizing signal 218, the circuit 106 re- 
peatedly transmits the held LCD data 220 stored in 
the holding memory circuit 208 to the LCD circuit 
107. The LCD circuit 107 displays on the LCD the 
held LCD data 220 sent from the dummy signal 
generating circuit 206 in the display image data 
controlling circuit 106, in accordance with the dum- 
my LCD synchronizing signal 218. 

Fig. 11 is a block diagram showing an embodi- 
ment utilizing the changeover from the saving 
mode to the normal mode based on the method (3) 
according to the present invention. The display 
controller 103 is activated to scan the content in 
the VRAM 104 and executes predetermined oper- 
ations. The controller 103 converts the image data 
obtained as a result of the operations into LCD data 
216 for the LCD to send it out. Simultaneously, the 
controller 103 sends out an LCD synchronizing 



signal 217 for driving the LCD. The display image 
data controlling circuit 106 generates a dummy 
synchronizing signal 218 and sends it out to the 
LCD circuit 107. At the same time, in synchroniza- 

5 tion with the dummy synchronizing signal 218, the 
circuit 106 repeatedly transmits the held LCD data 
220 stored in the holding memory circuit 208 to the 
LCD circuit 107. The LCD circuit 107 displays on 
the LCD 107 the held LCD data 220 sent from the 

ro display image data controlling circuit 106, in accor- 
dance with the dummy LCD synchronizing signal 
218. This process is required because, during the 
passage from the activation of the display control- 
ler 103 until normal operation, it is necessary to 

75 provide a time for displaying in the saving mode 
while driving the display controller 103 and a time 
for applying the synchronizing signal to the LCD 
circuit 107 in time. 

As an opposite case, Fig. 12 shows a block 

20 diagram for the method (4) in which the normal 
mode is replaced by the saving mode. The display 
controller 103 is driven to scan the content of the 
VRAM 104 and to execute predetermined oper- 
ations. The image data obtained as a result of the 

25 operations are converted into LCD data 216 for the 
LCD to be output, at the same time an LCD syn- 
chronizing signal 217 for LCD driving is output. The 
display image data controlling circuit 106 generates 
a dummy synchronizing signal 218 to transmit it to 

30 the holding memory circuit 208. 

This process is carried out because it is neces- 
sary to provide a time for applying the synchroniz- 
ing signal to the LCD circuit 107 in time. 

The LCD circuit 107 displays on the LCD the 

35 LCD data 216 sent from the display image data 
controlling circuit 106 in accordance with the LCD 
synchronizing signal 217. 

Fig. 13 is a block diagram showing an embodi- 
ment in which decision on the changeover between 

40 the saving mode and the normal mode is made, 
according to the method (5) of the present inven- 
tion. 

A decision circuit 108 for detecting access or 
interrupt monitors an interrupt signal INTR 503 to 

45 CPU and the address bus 102, and if the circuit 
108 judges that there is no change for the display, 
it generates a decision signal 502 to switch the 
display into the saving mode. If the circuit 108 
judges that there is a change for the display, it 

50 outputs a decision signal 502 to switch the display 
into the normal mode. Here, the criteria of the 
judgement include the access frequency to the 
VRAM 104, and the frequency of the INTR. In the 
figure, switching is carried out by hardware in ac- 

55 cordance with the decision signal 502, but it is also 
possible to provide registers in the decision circuit 
and detect the signal periodically and effect the 
switching by software. 
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Fig. 14 is a block diagram showing another 
embodiment in which a decision on the changeover 
between the saving mode and the normal mode is 
made according to the method (6) of the present 
invention. A monitoring circuit 602 monitors an 
interrupt signal INTR 503 to CPU and the address 
bus, and it the circuit 602 judges that there is no 
change in the display, it generates a decision sig- 
nal 504 to switch the display into the saving mode. 
If the circuit 602 judges that there is a change in 
the display, it outputs a decision signal 504 to 
switch the display into the normal mode. Further, 
the monitoring circuit 602 monitors an interrupt 
signal INTR 503 to CPU and the address bus and if 
the circuit 602 judges that there is no change in the 
input, it generates a decision signal 506 to switch 
the CPU into the saving mode. The criteria of the 
judgement include, in addition to items in the 
above embodiment, the frequency of access to an 
input/output function in the OS software. Saving 
power for the CPU also in this manner remarkably 
improves the power saving in the whole system 
operation. 

Fig. 15 is a view for explaining the method (7) 
based on the liquid crystal display device accord- 
ing to the present invention. 

Specifically, in this embodiment, a liquid cry- 
stal display device comprises a central processing 
unit 101, a first image display storage circuit 104, a 
second image display storage circuit 208 for still 
image display, a display image generating circuit 
103, a display controlling circuit 106 and a display 
element 107, and having two modes, that is, the 
normal electric power consumption display mode 
and the low electric power consumption display 
mode. In this arrangement, the still image data 
stored in the second image storage circuit 208 are 
displayed on the display element 107 in accor- 
dance with a dummy synchronizing signal newly 
generated from the display controlling unit, and the 
whole image data based on the data stored in the 
first image display storage circuit 104 sent out from 
the display image generating circuit 103, are stored 
in the second image display storage unit 208. 

In the above low power consumption display 
system, the signal system to the LCD circuit 107 is 
changed over for input between the group of the 
LCD data 108 and the LCD synchronizing signal 
109 and the group of the LCD holding data 202 
and the dummy synchronizing signal 201. There- 
fore, an image circuit 105 becomes complicated. 
To deal with this, when the display controller 103 
returns to the normal operation due to the change 
in the content of the VRAM 104 or some other 
reason, the LCD data 217 are stored in the holding 
memory 208 at the same time the content in the 
holding memory 208 is continuously transmitted to 
the LCD circuit 107. That is, the signal system to 



the LCD circuit 107 is always composed of only 
one group of the LCD holding data 220 and the 
dummy synchronizing signal 218. 

According to the liquid crystal display device 

5 with the configuration stated above, the conven- 
tional low power system can be further simplified. 

In the above system, there occurs a problem of 
display flickering when the driving signal 217 from 
the display controller 103 is replaced by the dum- 

w my driving signal 218, or when the dummy driving 
signal 218 is replaced by the driving signal 217 
from the above display controller. 

Therefore, it is necessary to provide a display 
device for personal computers which may provide 

15 a stable display and consume little electric power. 
To deal with this, according to this embodiment, in 
a liquid crystal display device having the above- 
stated configurations, there is provided a flicker 
protection circuit 700 which shuts off the display of 

20 the liquie crystal display element at the time of the 
changeover between the normal power consump- 
tion mode and the low power consumption mode, 
so that a stable display free from flickering may be 
effected. 

25 Specifically, when, in the above system, the 

driving signal 217 from the display controller 103 is 
replaced by the dummy driving signal 218, or 
inversely when the dummy driving signal 218 is 
replaced by the driving signal 217 from the display 

30 controller, if the signals are switched without any 
treatment, the display flickers. This reason is that 
the scanning position directed by the display driv- 
ing signal prior to the replacement does not cor- 
respond to the scanning position directed by the 

35 driving signal after the replacement. This is be- 
cause immediately after the changeover until the 
vertical synchronizing signal is input, different dis- 
play data in the same position are displayed. 

To deal with this, there is an idea by which the 

40 vertical synchronizing signal before switching is 
made in time with the vertical synchronizing signal. 
This method, however, requires a relatively com- 
plicated circuit, and it is very difficult to obtain the 
timing of vertical synchronizing signals in the case 

45 where the dummy driving signal is replaced by the 
driving signal from the display controller. 

Therefore, as shown in Figs. 18 and 19, when a 
timing gap occurs between the LCD vertical syn- 
chronizing signal 701 and the LCD dummy vertical 

so synchronizing signal 702, a drive suspension time 
span is implemented to halt the display. That is, in 
place of displaying the display data having an 
erroneous position, no display is made. This sys- 
tem is effective also when the dummy driving sig- 

55 nal is switched to the suspension span-provided 
LCD driving signal 705 of the display controller. 
And if the drive suspension time span is shortened 
by increasing the frequency of the LCD dummy 
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vertical synchronizing signal 702 or some other 
way, the flickering may be further improved. 

Fig. 17 is a block diagram showing the system 
according to this embodiment. Here, the flicker 
protection circuit 700 produces an LCD suspension 
span A707 (Fig. 18) while the display produced by 
the driving signal 817 for the display controller 103 
is replaced with the display by the dummy driving 
signal 818 in a case where the power consumption 
mode signal 812 is changed from low level to high 
level. When the signal 812 is changed from high 
level to low level, the circuit 700 produces an LCD 
suspension span B717 (Fig. 19) during the time the 
display by the dummy driving signal 818 is re- 
placed with the driving signal 817 for the display 
controller 103. 

Fig. 18 shows a timing chart in the case where 
the display formed by the driving signal 817 from 
the display controller 103 is replaced with that 
formed by the dummy driving signal 818. Here, an 
LCD vertical synchronizing signal 701 is a vertical 
synchronizing signal for LCD driving generated 
from the display controller 103. An LCD dummy 
vertical synchronizing signal 702 is a vertical syn- 
chronizing signal for LCD driving while the display 
controller 103 operaiton is stopped. A suspension 
span-provided LCD driving signal/LCD dummy driv- 
ing signal 705 indicates a signal generated from 
the display controller 103 for LCD driving. An LCD 
drive-suspending permission signal A703, only 
when it is at a high level, permits the changeover 
from the display by the driving signal 817 from the 
display controller 103 to the display by the dummy 
driving signal 818. The signal A703 can be raised 
to a high level at any time, but it will drop to a low 
level in synchronization with the LCD vertical syn- 
chronizing signal 702. An LCD drive suspension 
signal A704 is raised to a high level in a duration 
between the first transition of the LCD vertical 
synchronizing signal 701 and the first transition of 
the LCD dummy synchronizing signal 702, under 
the condition that the LCD drive-suspending per- 
mission signal A703 stays at a high level. While the 
LCD drive suspension signal A704 is at a high 
level, the LCD drive is suspended. Here, in the 
figure, reference numerals 706, and 708 designate 
the LCD display span produced by the LCD driving 
signal and the LCD display span produced by the 
dummy LCD driving signal, respectively. A numeral 
707 designates the LCD drive suspension span 
produced by the drive suspension signal A704. 

Here, increasing the frequency of the dummy 
vertical synchronizing signal 702 makes the LCD 
drive suspending span A707 short. 

Fig. 19 shows a timing chart of an embodiment 
in the case where the display formed by the dum- 
my driving signal 818 is replaced with that formed 
by the driving signal 818 from the display control- 



ler. Here, the same signals as shown in Fig. 18 are 
allotted the same numerals. An LCD drive-suspend- 
ing permission signal B711, only when it is at a 
high level, permits the changeover from the LCD 

5 display by the dummy driving signal to the display 
by the LCD driving signal from the display control- 
ler. The signal B71 1 can be raised to a high level 
at any time, but it will drop to a low level in 
synchronization with the LCD vertical synchronizing 

70 signal 701. An LCD drive suspension signal B712 
is raised to a high level in a duration between the 
first transition of the LCD dummy vertical synchro- 
nizing signal 702 and the first transition of the LCD 
synchronizing signal 701, under the condition that 

75 the LCD drive-suspending permission signal B711 
stays at a high level. While the LCD drive suspen- 
sion signal B712 is at a high level, the LCD drive 
suspension span B717 is derived. 

Here, it is required as a premise that the first 

20 transition of the LCD dummy synchronizing signal 
702 is included during the time the LCD drive- 
suspending permission signal B711 is at a high 
level, or the frequency of the LCD dummy vertical 
synchronizing signal 702 is higher than that of the 

25 LCD vertical synchronizing signal 701 . On the other 
hand, it is possible to shorten the period of time 
that the LCD drive suspension signal B712 stays at 
a high level by delaying the first transition of the 
LCD drive-suspending permission signal B711. At 

30 this time, however, since it is required that the first 
transition of the LCD dummy vertical synchronizing 
signal 702 should be included during the time the 
LCD drive-suspending permission signal B711 
stays at a high level, it is necessary to increase the 

35 frequency of the LCD dummy vertical synchroniz- 
ing signal 702 during a time at least from the first 
transition of the LCD drive-suspending permission 
signal B711 to the first transition of the LCD dum- 
my vertical synchronizing signal 702. 

40 According to this embodiment, in the display 

device in which the power consumption is reduced 
by halting the display controller, when the display 
produced by the driving signal from the display 
controller is replaced with the display by the dum- 

45 my driving signal, or vice versa, it is possible to 
obtain a stable display with low power consumption 
and free from flicker. 

Claims 

50 

1. A display device which is composed of a pow- 
er source, a central processing means, a liquid 
crystal display means, a display image gen- 
erating means, a first image display storage 
55 means, a display image data controlling 

means, an electric power consumption mode 
switching means, external input means and the 
like, 
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said display image data controlling means 
which is equipped with a second image display 
storage means, and which, in the normal elec- 
tric power consumption mode, displays on said 
liquid crystal display means the display image 
data generated by said display image generat- 
ing means via the first image display storage 
means, and which, in the low electric power 
consumption mode being set up by said elec- 
tric power consumption mode switching 
means, displays on said liquid crystal display 
means the display image data stored in said 
second image display storage means. 

2. A liquid crystal display device according to 
claim 1, wherein, in the low electric power 
consumption mode, after the display image 
data generated by said display image generat- 
ing means are stored temporarily in said sec- 
ond image display storage means, the opera- 
tion of the function for displaying image of said 
display image generating means is halted, and 
thereafter the display image data stored in said 
second image display storage means are dis- 
played on said liquid crystal display means. 

3. A liquid crystal display device according to 
claim 1 , wherein said display image data con- 
trolling means further comprises a dummy 
drive signal generating means which gener- 
ates, in the low electric power consumption 
mode, a dummy drive signal to the liquid cry- 
stal display means in place of the liquid crystal 
display means driving signal generated by said 
display image generating means for driving 
said liquid crystall display means. 

4. A liquid crystal display device according to 
claim 3, wherein the display image data stored 
in said second image display storage means 
are displayed on said liquid crystal display 
means in synchronization with the dummy 
drive signal. 

5. A liquid crystal display device according to 
claim 1 , further comprising a means for halting 
the function for displaying image of said liquid 
crystal display means in a predetermined pe- 
riod of time upon the changeover between the 
normal electric power consumption mode and 
the low electric power consumption mode by 
means of said electric power consumption 
mode switching means. 

6. A display device which is composed of a pow- 
er source, a central processing means, a liquid 
crystal display means, a display image gen- 
erating means, a first image display storage 



means, a display image data controlling 
means, an electric power consumption mode 
switching means, external input means and the 
like; 

5 said display device which is characterized 

in that said display image data controlling 
means is equipped with a second image dis- 
play storage means, and regardless of the 
operation mode selected by said electric pow- 

w er consumption mode switching means, the 

display image data generated from said dis- 
play image generating means are stored in 
said second image display storage means, and 
the display image data stored in said second 

15 image display storage means are displayed on 

said liquid crystal display means in accor- 
dance with a synchronizing signal generated 
by said display image data controlling means. 

20 7. A display device which is composed of a pow- 
er source, a central processing means, a liquid 
crystal display means, a display image gen- 
erating means, a first image display storage 
means, a display image data controlling 

25 means, an electric power consumption mode 

switching means, external input means and the 
like; 

said display device which is characterized 
in that said display image data controlling 

30 means is equipped with a second image dis- 

play storage means, and in a case where said 
electric power consumption mode switching 
means is set at the normal electric power 
consumption mode, the display image data 

35 generated from said display image generating 

means are displayed on said liquid crystal 
display means in response to a synchronizing 
signal generated from said display image gen- 
erating means via said first image display stor- 

40 age means, and said display image data are 

stored in said second image display storage 
means as still image data. 

8. A liquid crystal display device according to 
45 claim 7, wherein, in a case where said electric 

power consumption mode switching means is 
set at the low electric power consumption 
mode, the still display image data stored in 
said second image display storage means are 
so displayed continuously on said liquie crystal 

display means in response to a dummy syn- 
chronizing signal generated by said display 
image data controlling means, and there is 
provided a control means for controlling to 
55 stop the function for displaying image of said 

display image generating means. 
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26 



A liquid crystal display device according to 
claim 8, wherein, in a case where said electric 
power consumption mode switching means is 
changed over from the low electric power con- 
sumption mode to the normal electric power 5 
consumption mode, the still display image data 
stored in said second image display storage 
means are continuously displayed on said liq- 
uid crystal display means in response to a 
synchronizing signal generated by said display 10 
image generating means or a dummy synchro- 
nizing signal generated by said display image 
data controlling means, within a predetermined 
period of time until the normal display image 
data are sent out to said liquid crystal display 75 
means from said display image generating 
means via said first image display storage 
means in accordance with the normal electric 
power consumption mode. 

20 

A liquid crystal display device according to 
claim 9, wherein, in a case where said electric 
power consumption mode switching means is 
changed over from the normal electric power 
consumption mode to the low electric power 25 
consumnption mode, the display image data 
generated by said display image generating 
means are stored in said first image display 
storage means, the display image data stored 
in said first image display storage means are 30 
displayed on said liquid display means in re- 
sponse to a synchronizing signal generated by 
said display image generating means, and the 
still display image data stored in said second 
image display storage means are sent out to 35 
said display image data controlling means in 
response to a dummy synchronizing signal 
generated by said display image data control- 
ling means or to a synchronizing signal sent 
out from said display image gnerating means. 40 

1. A liquid crystal display device according to 
claim 1, wherein there are provided in said 
central processing means, at least, an access 
detecting means for detecting the state in 45 
which a predetermined signal due to an exter- 
nal input means or based on a particular pro- 
gram process that accesses said first image 
display storage means or said display image 
generating means, a calculating means for the 50 
frequency of access in a unit time, a means for 
comparing the frequency of access with a ref- 
erence value, and a controlling means which 
changes over the operation mode from the 
normal electric power consumption mode to 55 
the low electric power consumption mode 
when the frequency of access becomes lower 
than the reference value. 



12. A liquid crystal display device according to 
claim 1, wherein there are provided in said 
central processing means, at least, an interrupt 
detecting means for detecting the state in 
which a predetermined signal due to an exter- 
nal input means or based on a particular pro- 
gram process interrupts said first image dis- 
play storage means or said display image gen- 
erating means, a calculating means for the 
frequency of interruption in a unit time, a 
means for comparing the frequency of inter- 
ruption with a reference value, and a control- 
ling means which changes over the operation 
mode from the normal electric power con- 
sumption mode to the low electric power con- 
sumption mode when the frequency of inter- 
ruption becomes lower than the reference val- 
ue. 
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Fig. 1 
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Fig. 3 
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Fig. 4 
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Fig. 5(B) 
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Fig. 7(B) 
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Fig. 8(A) 
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Fig.9 
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Fig. 13 
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